1. Introduction
===============

Pulmonary thromboembolism (PTE), a disease that is determined by interactions between genetic susceptibility and the surrounding environment, is the third most common cause of death in hospitalized patients.^\[[@R1]\]^ PTE usually develops during pathological processes of hemostasis, coagulation, and anticoagulation disorders, and platelets are the basic factors underlying these functions and exerting very important roles in thrombosis.^\[[@R2]--[@R5]\]^ As a platelet aggregation receptor, platelet endothelial aggregation receptor-1 (*PEAR1*) is mainly distributed in the platelet membrane and expressed in unactivated platelets.^\[[@R6]\]^ PEAR1 becomes activated in response to the interactions of platelets, causing the aggregation and adhesion of platelets and participating in the formation and reformulation and stabilization of the thrombus.^\[[@R7]\]^ Many studies have reported an association between the *PEAR1* gene and the coagulation system.^\[[@R8]--[@R10]\]^ For example, variants of *PEAR1* have been reported to be associated with increased platelet aggregation, playing important roles in agonist-induced platelet aggregation.^\[[@R11],[@R12]\]^

The strong associations between platelet aggregation and a common intronic variant of the *PEAR1* gene have been identified in both African Americans and European Americans using sequencing approaches.^\[[@R10],[@R13]\]^ Genetic variation of *PEAR1* is also believed to contribute to the functional variability of platelets.^\[[@R14]\]^ The G allele in the rs12041331 A\>G single nucleotide polymorphism (SNP) of *PEAR1* was associated with increased aggregation in response to all agonists in 2076 healthy persons before and after aspirin treatments.^\[[@R15]\]^ The C allele in the rs2768759 A\>C SNP of *PEAR1* was generally associated with increased platelet aggregation in response to all agonists at baseline.^\[[@R11]\]^

However, whether SNPs of the *PEAR1* gene increase the susceptibility of PTE patients remains unclear. In this study, variants of the *PEAR1* gene in one PTE pedigree were screened, and the correlations between *PEAR1* SNPs and PTE were explored in a larger population.

2. Materials and methods
========================

2.1. Ethical statement
----------------------

This study was approved by the ethics committee of the Second Clinical Medical College (Shenzhen People\'s Hospital), Jinan University.

2.2. Study population
---------------------

A total of 3 PTE members and 1 non-PTE member in a Chinese pedigree were recruited for this study. Moreover, 101 PTE patients (exclusion criteria: family history of PTE or deep vein thrombosis (DVT)) who underwent PTE treatment in our hospital from December 2013 to August 2015 along with 132 healthy controls (exclusion criteria: DVT, PTE, endocrine system disease, heart, brain, lung, kidney, blood disease) were also enrolled in the subsequent verification study. The PTE patients were diagnosed according to the PTE diagnosis and treatment guidelines (draft) released by the Chinese Respiratory Diseases Association in 2001. Informed consent was obtained from all participants before inclusion in the study in accordance with the Declaration of Helsinki.

2.3. Whole exome sequencing in a Chinese pedigree with PTE
----------------------------------------------------------

One milliliter peripheral venous blood was obtained from each 4 family members (Ia, IIb, IId, IIIb) and collected into the EDTA-K3 anticoagulant tubes. Genomic DNA was extracted from the peripheral blood with using the QIAamp DNA BLood Mini kit (QIAGEN GmbH, Hilden, Germany). The OD260/280 and OD260/230 of genomic DNA were examined using a NanoDrop spectrophotometer (Technologies, Rockland, DE, USA), and the DNA integrity was analyzed by agarose gel electrophoresis. After quantification by agarose gel electrophoresis, genomic DNAs were sheared to an average length of 150 to 200 bp using a Covaris S2 sonicator (Covaris, Woburn, Massachusetts, USA), the fragment ends were repaired and adaptors were ligated to the fragments and an extra nucleotide was added to the 3′ end of the end-repaired DNA fragments, then remove the DNA fragment which with a length more than 200 bp. An initial library with 300 bp was generated after ligation-mediated (LM-PCR) procedure was performed for amplification of the above DNA segments. The DNA samples were first subjected to library construction and whole exome sequencing on an Illumina HiSeq2000 platform (Illumina, San Diego, CA). Low quality variants were filtered out according to the following criteria: quality sequencing score \<20; sequencing depth coverage \<20×; variation detected on a single DNA strand. After the exclusion of all the low quality reads, the variants among the exon region of PEAR1 in the pedigree were identified by comparing the sequences with those in human genome UCSC hg19 version (software version: SOAP aligner v2.21). Then SNP identification was performed using the SOAPsnp program ([http://soap.genomics.org.cn](http://soap.genomics.org.cn/), BGI-Shenzhen, Shenzhen, China). All single nucleotide variations (SNVs) or indels annotations were estimated by using dbSNP version 137 (<http://www.ncbi.nlm.nih.gov/snp/>),^\[[@R16]\]^ 1000 Genome project dataset (1000G, <http://www.1000genomes.org/>), ESP6500 and dbSNP version 144.^\[[@R17],[@R18]\]^

2.4. Sanger sequencing
----------------------

After the exome sequencing, the Sanger sequencing was repeated. Screened SNPs were then validated using the Sanger sequencing method. The utilized primers were designed (Table [1](#T1){ref-type="table"}) with Primer Premier 3.0 (Premier Biosoft International, Palo Alto, CA, USA). The DNA samples were first subjected to amplification under the following conditions: 95°C for 5 minutes, followed by 30 cycles at 96°C for 20 seconds, 62°C for 20 seconds, and 72°C for 60 seconds, and a final extension at 72°C for 5 minutes. The PCR products were then purified using ddH~2~O. Finally, the sequences of the purified PCR product were tested according to the following procedures: 95°C for 15 seconds, followed by 35 cycles at 95°C for 15 seconds, 50°C for 5 seconds, and 60°C for 90 seconds.

###### 

Primes sequence for Sanger sequencing (5′--3′).
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2.5. MassARRAY SNP genotyping
-----------------------------

The identified SNPs were then genotyped in 101 PTE patients and 132 healthy controls using the MassARRAY SNP genotyping system (Sequenom, San Diego, CA). Sequenom\'s MassARRAY Designer software was used to automatically design the PCR and extension primers for each SNP (Table [2](#T2){ref-type="table"}). The following PCR cycling program was used: 94°C for 4 minutes, followed by 45 cycles at 94°C for 20 seconds, 56°C for 30 seconds, and 72°C for 60 seconds, and a final extension at 72°C for 3 minutes. The DNA sample was then maintained at 4°C before the next step. Following transcription, the PCR products were treated with shrimp alkaline phosphatase (SAP) to remove the remaining and nonincorporated dNTPs under the following conditions: 37°C for 40 minutes, 85°C for 5 minutes, and 72°C for 3 minutes. Next, primer extension was performed to detect single base polymorphisms in the amplified DNA. After the extension, the extended reaction products were cleaned up by resin purification. Finally, microarray DNA spotting for genotyping was performed. Gene annotation of the identified SNPs was conducted based on the NCBI database.

###### 

Primers sequence for SNP genotyping (5′--3′).
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2.6. Statistical analysis
-------------------------

Genotype and gene allele frequencies were calculated for each locus. The observed frequencies in the controls were compared with those predicted by the Hardy--Weinberg equilibrium equation using the Chi-square test. *P* \< 0.05 was considered statistically significant. The variance differences in the identified loci between healthy controls and 101 PTE patients, and the members in the pedigree were determined using the *χ*^2^ test.

3. Results
==========

3.1. Baseline characteristics
-----------------------------

The 4 members (3 affected: IIb, IId, and IIIb; 1 unaffected individuals: Ia) that participated in this study were recruited from a 3-generation Chinese pedigree (Fig. [1](#F1){ref-type="fig"}). The baseline characteristics of the additional enrolled 101 PTE patients and 132 healthy controls are shown in Table [3](#T3){ref-type="table"}. The PTE patients had a median age of 56 years and consisted of 48 males and 53 females. Among all patients, there were 23 traumas and 63 DVT events; the controls had a median age of 54 years and consisted of 68 males and 64 females.

![Pedigree of the 3-generation Chinese family with pulmonary thromboembolism (PTE). Squares and circles indicate males and females, respectively. Black symbols indicate affected members, and open symbols indicate unaffected individuals.](medi-95-e5687-g003){#F1}

###### 

Baseline characteristics and clinical features of the 101 PTE (pulmonary thromboembolism) patients and 132 healthy controls.
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3.2. Quality control of whole exome sequencing data and identified SNPs
-----------------------------------------------------------------------

A total of 14,761,440 reads uniquely mapped to the genome, and 75.22% of the effective sequences aligned to a 9580.55 Mb target. The average sequencing depth on the target was 187.16, and the coverage was 99.8%. Moreover, 99.55%, 99.15%, and 98.38% had a target sequence coverage fraction ≥4×, ≥10×, and ≥20×. Three SNPs of the *PEAR1* gene were screened: rs1952294, rs822442, and an uncommon rs778026543.

3.3. SNP validation by Sanger sequencing
----------------------------------------

Sanger sequencing analysis verified the 3 SNPs in the family members from the PTE pedigree (Fig. [2](#F2){ref-type="fig"}). Both in whole exome sequencing and Sanger sequencing, all detected pedigree members carried the rs1952294 SNP, in addition, a T\>C transition was detected in both IIb, IId, IIIb, and Ia. The result of whole exome sequencing showed that IId and IIIb had the rs822442 SNP, and a C\>A transition was found. However, Sanger sequencing result showed that IId, IIIb, and Ia had the rs822442 SNP; The results of 2 sequencing method showed that rs778026543 SNP was detected in both IIb and Ia, and a C\>T transition was occurred.

![Sequence analysis of the Chinese pedigree with pulmonary thromboembolism (PTE).](medi-95-e5687-g005){#F2}

3.4. Correlations between the identified SNPs and PTE
-----------------------------------------------------

In the rs1952294 SNP, a T\>C transition was also detected in the 101 PTE patients and 132 healthy controls. The genotype and gene allele frequencies of the rs822442 SNP, which is a A\>C transition, are shown in Table [4](#T4){ref-type="table"}. The genotype and gene allele frequencies of the rs1952294 SNP and rs778026543 SNP are shown in Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}, respectively. The genotype of the rs822442 SNP followed Hardy--Weinberg equilibrium in the 101 PTE patients (*χ*^2^ = 0.053, *P* = 0.817318) and 132 healthy controls (*χ*^2^ = 0.694, *P* = 0.404863). There were no significant differences in the genotype (*P* = 0.702) and allele distributions between these 2 groups (*P* = 0.660).

###### 

Genotype and allele gene frequencies of rs822442 SNP.
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###### 

Genotype and allele gene frequencies of rs1952294 SNP.
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###### 

Genotype and allele gene frequencies of rs778026543 SNP.
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The rs778026543 SNP, a C\>T transition, was found in 1 affected (IIb) and 1 unaffected (Ia) individual. This SNP was not identified in the 101 PTE patients and 132 healthy controls.

The variance differences in the identified locus between the healthy controls and 101 PTE patients, and the members of the pedigree are displayed in Table [7](#T7){ref-type="table"}. The between-group difference was only detected in the rs778026543 SNP: there was a significant difference between the pedigree members and healthy controls (*P* = 0.0006).

###### 

Variance differences at identified SNP locus of healthy controls and PTE subjects.
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4. Discussion
=============

PTE is a blockage of an artery in the lungs by a substance that has traveled from elsewhere in the body through the bloodstream. Symptoms of PTE include dysfunction of the pulmonary circulation and respiration.^\[[@R19],[@R20]\]^ PTE is associated with high morbidity and mortality, with a poor prognosis.^\[[@R21]\]^ PTE usually results from the activation, aggregation, and adhesion of platelets, which are regulated by certain genes. *PEAR1* is one of the genes that regulates the functions of platelets, and it is highly expressed in platelets and endotheliocytes.^\[[@R7],[@R10]\]^ The *PEAR1* gene comprises 23 exons and 22 introns, and its encoded protein participates in extracellular protein--protein interactions. Both intracellular and extracellular zones of the *PEAR1* protein bind to phosphotyrosine.^\[[@R10]\]^ The PEAR1 gene has been reported to regulate the function of platelets by controlling the phosphatidylinositol 3 kinase (PI3K)/pentaerythritol tetranitrate (PTEN) pathway.^\[[@R22],[@R23]\]^ The contributions of the *PEAR1* gene to the activation of platelets, inhibition of platelet progenitor cell proliferation, and interruption of platelet aggregation have been revealed.^\[[@R9],[@R11],[@R12],[@R22]\]^

The vital roles of the *PEAR1* SNP have been revealed in many diseases: Sokol et al^\[[@R24]\]^ found that patients with hyperlipidemia abortion had a higher incidence of the *PEAR1* rs12041331 and rs12566888 SNPs than healthy people, and the T allele in the *PEAR1* c. -9-4663G\>T gene polymorphism had a protective effect on fetus abortion. Olivi et al^\[[@R25]\]^ reported that there were no correlations between the selected 9 SNP loci of *PEAR1* and the changes in diastolic and systolic blood pressure (*P* \> 0.059), or in the incidence in patients with hypertension (*P* \> 0.09). Herreragaleano et al^\[[@R11]\]^ showed that in patients with coronary heart disease, the new variant of the *PEAR1* gene (rs2768759), which is located in the promoter region, can induce enhanced agonist-induced platelet aggregation and is a susceptibility factor for platelet aggregation after aspirin therapy. Faraday et al^\[[@R10]\]^ found that in patients with coronary heart disease, the reaction of ADP and epinephrine-induced platelet aggregation was closely associated with the intron 1 variant (rs12041331) of PEAR1. In the study conducted by Würtz et al,^\[[@R26]\]^ AA and GA identified in the *PEAR1* rs12041331 SNP were found to attenuate platelet aggregation during aspirin therapy.

Most primary risk factors for PTE are gene variance and SNP-related factors, including blood coagulation factor V, Leiden gene mutation, prothrombin gene G20210A mutation, antithrombin III gene mutation, protein C and protein S gene mutation, hyperhomocysteinemia, and defects in the fibrinolytic system, which influence the formation of thrombosis.^\[[@R27]--[@R30]\]^ SNPs of the *PEAR1* gene influence these functions and activate platelets and megakaryocytes. Promoted by different agonists, the SNPs also participate in changes in platelet aggregation. The above activities of platelets are the etiologies of PTE. Therefore, it can be assumed that there may be a correlation between PTE and the *PEAR1* gene. By conducting whole exome sequencing, a total of 3 SNPs (rs1952294, rs822442, and rs778026543) were found in the *PEAR1* gene, and these SNPs were subsequently verified using Sanger sequencing methods. Moreover, the genotype and allele gene distributions were investigated in a subsequent case--control study using samples from the 101 PTE patients and 132 matched healthy controls.

Among all 3 screened SNPs, the rs1952294 locus was identified in all 4 detected pedigree members. This homozygote A\>C SNP was then identified in the large sample size (101 patients and 132 controls). However, this SNP was not associated with susceptibility to PTE.

Regarding the rs822442 locus, in a previous study exploring the efficacy of prasugrel, Xiang et al^\[[@R31]\]^ showed that the *PEAR1* SNP in a 4-kb area between rs3737224 and rs822442 was associated with ADP-induced platelet aggregation. In this study, there were no significant differences in the representative population (HWE test *P* \> 0.05) between PTE patients and controls in terms of genotype and allele distributions. In addition, there were no differences in SNP loci between pedigree members and healthy controls in terms of variance numbers. The rs822442 SNP was not associated with susceptibility to PTE.

The rs778026543 SNP of PEAR1 is an uncommon variant with a MAF \< 0.05 (MAF/minor allele count: *T* = 0.0000/3) that was first recorded in dbSNP144; however, this variant was observed in two members of the pedigree: 1 PTE patient (IIb) and 1 non-PTE member (Ia). Moreover, the variance numbers at this SNP locus were significantly different between pedigree members and healthy controls. Although the rs778026543 SNP was not identified in the 101 patients and 132 healthy controls, this variant is still a SNP of interest because of its rarity. This is the first report to describe the rs778026543 SNP in patients with PTE, and the associated potential mechanism is described below: the non-PTE member in fact suffered from cerebral thrombosis, which was related to platelet functions and led to a diagnosis of PTE.^\[[@R32],[@R33]\]^ Based on this finding, platelet dysfunction might be the causal factor for PTE and for this variant. Additional research is needed to explore the roles of this variant in PTE in this pedigree to confirm its correlation with the disease. However, if this SNP is verified in a much larger population, it may represent a true susceptibility factor for PTE.

Abbreviations: *PEAR1* = platelet endothelial aggregation receptor-1, PTE = pulmonary thromboembolism, SNPs = single nucleotide polymorphisms, SNVs = single nucleotide variations.
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